Beginning in 2002, placement of the sediment dredged from Horseshoe Bend occurred at the mid-river open water placement area. Placement of between 0.5 to 1.8 million cubic yards of sediment was conducted every 1 to 3 years which influenced and contributed to the development of an approximately 35 ha) mid-river island (Figures 1 and 2 ).
This beneficial use of dredged material is consistent with Engineering With Nature, a USACE initiative enabling more sustainable delivery of economic, social and environmental benefits associated with water resources infrastructure (http://el.erdc.usace.army.mil/ewn/). Specific Engineering with Nature concepts addressed through the project include 1) the use of science and engineering to produce operational efficiencies supporting sustainable delivery of project benefits, and 2) the use natural processes to maximum benefit, thereby reducing demands on limited resources, minimizing the environmental footprint of projects, and enhancing the quality of project benefits. An added benefit being realized is that as the island has enlarged it began to reduce the overall cross sectional area of the river, increasing flow through the navigation channel to velocities that were sufficient to reduce shoaling and maintenance dredging requirements.
METHODS:
Various methods were employed to conduct an initial ecological survey of the island. Surveys were conducted to determine the types of wetlands present, quantify major vegetative communities, develop a vegetation community map of the island, conduct observational faunal surveys, and determine soil physical-chemical characteristics. Ecosystem classification and mapping. The "Classification of wetlands and deepwater habitats of the United States" (Cowardin et al. 1979) formed the basis of the classification scheme utilized. Aerial image interpretation, ground truthing, and GPS reference points supported the determination of ecological community boundaries and island area.
Floral Community. Vegetation sampling included quantification of dominant species within each distinct vegetative community. We established 14 sample plots on the island during our initial site visit. Plot selection examined representative areas within each of the ecosystem classes identified on the island, a randomized sampling design remains beyond the scope of the preliminary investigation. Seven plots were set up within forested and shrub-scrub environments of the island and seven additional plots were evaluated in aquatic bed environments with submerged and emergent vegetation (Figure 3 ). Several variables were measured within each wooded area sampled including: 1) the identification of dominant overstory species, 2) stem counts of overstory tree and shrub species within 0.04 ha plots, and 3) measurements of stem density of the shrubsapling strata (i.e., woody stems < 10 cm diameter at breast height (dbh) and > 1.2 m tall). The last of these occurred within two nested, 0.004 ha sub-plots located within each sample plot. Estimates of herbaceous and woody vegetation ground cover < 1.4 m were also made within four representative 1 m 2 sub-plots in each sample plot. A comprehensive list of all plants observed on the island was developed. Plants were identified to species or lowest taxonomic level, with nomenclature following USDA PLANTS Database (USDA 2013).
In the aquatic bed vegetation areas, variables measured at sample plots included an ocular estimation of percent cover (USACE 2010) of herbaceous and woody vegetation as well as estimates of percent cover of any free-floating or visibly submerged aquatic species. Additionally, all plants observed within floating bed environments on the island were identified or collected for further identification in the lab. All specimens were identified to species, when possible, to provide a comprehensive baseline survey of all observed herbaceous and woody flora.
Faunal
Community. An in-depth survey/census of the island's faunal species remains beyond the scope of the initial survey. However, incidental observations of all faunal species observed on the island during the site visit were made and recorded. Species were identified visually, by their calls, or by the presence of indirect signs (i.e., scat, tracks, etc.).
Soils.
Basic wetland soil descriptions were made at each sample location within forested and scrub-shrub wetland communities (USACE 2010; USDA-NRCS 2011) . Soil descriptions included the determination of soil horizonation, matrix color, redoximorphic features, and textural analysis. Soil descriptions focused on near surface 50 cm (20 in) horizons. Additionally, soil sample collections utilized 98 cm 3 (6.3 in 3 ) soil cores to determine volumetric water content and bulk density. The installation of replicate feldspar marker horizons followed methods developed by Cahoon and Turner (1989) . The feldspar horizons deployed occupy 1m 2 quadrats, allowing for a determination of sedimentation rates and soil horizonation during future surveys of the island (USGS 2010). Additionally, one automated groundwater table monitor was deployed along the natural levee located on the southeast side of the island. The automated datalogger records water table levels within the upper 12 inches (30 cm) of the surface twice daily (USACE, 2005) .
RESULTS:
Ecosystem Classification. The results of the ecosystem classification effort revealed four distinct ecological communities occurring within the study area (Figure 3) . A brief generic description of each community is presented below consistent with the classification system developed by Cowardin et al. (1979) . forested and scrub-shrub wetlands (brown), along with aquatic bed community types (blue). Emergent transitional areas occur within the boundaries between wooded and aquatic bed features. Also shown are sample plot locations (1 -7) and observation points within aquatic bed habitats (EAB 1-7). A dredged material feeder mound is seen at the top right of the figure. (Figure 3) . Specifically, the majority of the forested areas displayed younger stand ages representing 10.5 ha, while the older portions of the forest represented approximately 1.3 ha. Both of these temporarily flooded forest habits remained disproportionately dominated by black willow (Salix nigra), with eastern baccharis (Baccharis halimifolia) and common elderberry (Sambucus nigra ssp. canadensis) frequently observed as codominants within forested stands. Other infrequently observed codominants included annual marsh elder (Iva annua) and red mulberry (Morus rubra). The average diameter of woody stems within well-established portions of the island was 12.5 cm dbh, ranging from 5-20 cm dbh. Total tree density per hectare ranged from 1,500 to 17,325 woody stems, resulting in varying amounts of ground cover across all forested sites (Table 1) . Average tree height was 6 m across all plots measured, with a maximum height of approximately 10 m.
ENGINEERING WITH NATURE
The herbaceous layer was diverse both within and among the younger-and older-aged stands, with clear distinctions of understory conditions by age class not readily observed. However, across both stand types, consistent patterns of understory cover varied from densely aggregated clumps of vegetation >1 m in height (e.g., coco yam (Colocasia escuelenta)), to extensive ground cover of invasive torpedo grass (Panicum repens), smartweed (Polygonum spp.), or invasive alligatorweed (Alternantherea pholoxeroides). On the highest elevational areas, a pronounced abundance of dogfennel (Eupatorium capillifolium) was observed, with a distinct absence of coco yam. Additionally, stiff dogwood (Cornus foemina) was found only in the higher elevation areas located on the southeast portion of the island. Additionally, black willow and common elderberry sprouts as well as peppervine (Ampelopsis arborea) were frequently encountered. Within the aquatic bed environments, six plots with four 1m 2 subplots located at each sample point supported the identification and quantification of vegetation assemblages and open water areas. At the time of the survey, aquatic bed features occupied a large portion of the island's vegetation, representing approximately 23.1 ha (66%) of the 35 ha island. Within each subplot, ocular percent cover estimates of vegetation were recorded for each species observed. All subplots were averaged, with estimates greater than 100% cover possible due to vertical stratification of plant material above and below the water surface. The characteristically dominant species included common water hyacinth (Eichhornia crassipes (Mart.) Solms), alligatorweed (Alternantherea philoxeroides (Mart.) Griseb.), water spangles (Salvinia minima Baker), common duckweed (Lemna minor L.), and primrose-willow (Ludwigia sp.) (Table 2) . Several invasive species were observed during the survey (Appendix A).
Faunal Community. Examination of the island's faunal communities included recording all species observed during fieldwork. Twenty-three species representing 12 Families were observed on the island during the site visit (Table 3) . Avian wading species comprised the primary vertebrate inhabitants observed on the island with six species of wading birds encountered. This included great blue herons, Louisiana herons, great white herons, reddish egrets, little blue herons, and white ibises. An active white ibis rookery was observed on the northwest corner of the island. Several species of waterbirds (i.e., gulls and terns) were observed in the immediate vicinity of the island but only five (5) species (Caspian tern, common tern, gull billed terns, Forester's tern, and Franklin's gull) were observed on the site (primarily on the small, sandy island that lies north of the main island). No neotropical migrant observations occurred during fieldwork. Four (4) reptile species were observed and the exoskeleton of one dead White River crawfish (Procambarus acutus) was found during the ecological surveys. No mammals were visually observed on the island but several burrows and "runs" (likely to be made by small mammals) were noted at various locations. One bald eagle (Haliaeetus leucocephalus) was seen taking flight from the island on the second morning of fieldwork, but no other species of special concern were observed.
Soils.
The soils examined throughout the island consisted of textures ranging from loamy sands to very fine sands. In general, the surface soil layers contained thin dark, organic rich horizons (10YR 3/1 or 10YR 3/2) underlain by depleted materials (e.g., 10YR 5/2) in subsurface horizons. Soil horizons also exhibited redoximorphic iron and manganese concentrations in the form of rust colored (e.g., 10 YR5/4) pore linings and masses within the soil matrix. The presence of dark soil layers near the surface indicates the accumulation of carbon and organic materials due to frequent inundation and saturation and associated retardation of microbial decomposition rates. Additionally, the presence of depleted materials and redoximorphic features at depth indicates that biogeochemical reduction is occurring, an important function of hydric soils. All soils examined met one or more field indicators of hydric soils (USDA-NRCS 2011). Additionally, soils displayed the presence of buried surface horizons, signatures of recent sediment inputs, and indicators of active soil forming processes associated with overbank flooding and material deposition. Complete soil descriptions are provided in Table 4 . Observed indicators included: F3 -depleted matrix, S6 -sandy redox, and A5 -stratified layers. DISCUSSION: Horseshoe Bend Island exhibits four distinct wetland ecosystem classifications including forested, scrub-shrub, emergent, and aquatic bed assemblages. The prevalence of multiple ecosystem types within a relatively small area (35 ha) allows for the development of a variety of faunal and floral habitat types.
As a result, the Horseshoe Bend island displays a diverse array of species capable of providing support to the larger Atchafalaya River wetland ecosystem, with 81 plant and 23 animal species observed. For contextual purposes, Faulkner and Poach (1996) assessed the functional capacity of created and natural wetlands within the Atchafalaya Delta and determined the functional capacity within each wetland type. Faulkner and Poach conducted a vegetation survey within created and natural wetlands, identifying a total of 53 plant species; compared to more than 80 found in the current evaluation of Horseshoe Bend Island. Approximately 60% of the species reported by Faulkner and Poach listed occurred on Horseshoe Bend Island. These findings suggest that the species richness and diversity observed at Horseshoe Bend Island remains comparable, if not surpasses the values reported for other ecosystem studies conducted in the region.
Additionally, Faulkner and Poach (1996) reported that created wetlands require 5 to 10 years prior to approaching the characteristics observed within natural wetland ecosystems. Thus, the successional development of Horseshoed Bend Island appears comparable with natural wetland ecosystems based on the deposition periods of dredged materials and resulting island geomorphic features and accretion rates.
The soils observed within the created island display common characteristics associated with riverine wetlands exposed to periodic inundation, overbank flooding, and sediment deposition. Soil profiles indicate an abundance of depleted materials interspersed with higher chroma sandy minerals from recent flooding events. Notably, buried soil horizons and wavy/turbulent boundary transitions demonstrate the frequency of deposition events as observed through the presence of stratified layers (USDA-NRCS 2011). Further, the development of dark, organic rich surface horizons indicates a decrease in microbial decomposition rates due to periodic saturation or inundation. The profusion of redoximorphic features within subsurface layers demonstrates that soil biogeochemical reduction regularly occurs within island soils. The onset of reduced, anaerobic conditions promotes wetland biogeochemical functions including carbon sequestration, nutrient cycling, removal and sequestration of elements and compounds, and denitrification (Reddy and DeLaune 2008; Smith and Klimas 2002) .
Based on the initial survey of vegetation, fauna, and soils, Horseshoe Bend Island exhibits the capacity to provide ecological functions and services at levels comparable to similar-aged ecosystems within the region.
SUMMARY:
The intentional placement and beneficial use of dredged material within open water areas on the Atchafalaya River supported the formation of a 35 ha island at Horseshoe Bend. Evaluation of ecosystem characteristics identified over 80 species of plants (85% native) and over 20 faunal species existing within four distinct habitat types (forested wetland, scrub-shrub wetland, emergent wetland, and aquatic bed wetland). Soils exhibited common characteristics associated with island formation as well as depleted matrices and redoximorphic features indicating biogeochemical processing. Future research efforts should focus on comparative investigations of reference landscapes in the region, surveys of avian usage and habitat quality, determinations of biogeochemical functions and benefits, species management for habitat improvement, colonization research, and to determine the hydrodynamic characteristics of the river in the Horseshoe Bend area. Future investigations will focus on quantifying both environmental and economic benefits of beneficially and strategically placing dredged materials to support such riverine islands providing a more complete understanding of the formation of the island so this concept can be integrated into other dredging projects in southern Louisiana and elsewhere, thereby providing substantial environmental and other benefits as part of ongoing USACE dredging activities.
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